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Power capacitor AP3 BeC V PCT/PTO 1 9 JUN 

TECHNICAL FIELD 

5 The present invention relates, from a first aspect, to a 
power capacitor of the kind that comprises at least one ca- 
pacator element enclosed in a container and surrounded by at 
least one insulating medium. From a second aspect, the in- 
vention also relates to a method for manufacturing such a 
10 capacitor. 

The power capacitor according to the invention is prinerily 
intended for a rated voltage that exceeds 1 w. for exa:„ple 
5 kV, preferably at least 10 kV. 
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Power capacitors are inportant components in systems for 
transmission and distribution of electric power for both 
alternating current and direct current. Power capacitor 
installations are mainly used for increasing the power- 
transmission capacity through parallel and series compensa- 
txon, for voltage stabilization through static var systems 
and as filters for eliminating harmonics. 

Capacitors have a phase angle that is close to 90" and 
therefore generate reactive power. By connecting capacitors 
xn the vicxnity of the components that consume reactive 
power, the desired reactive power may be generated there 
Wxres and cables may thus be fully utilized for transmission 
of actxve power. The consun^tion of reactive power of the 
load may vary and it is desirable to generate all the time a 
quantxty of reactive power corresponding to the consumption 
For thxs purpose, a plurality of capacitors are intercon- ' 
nected vxa series and/or parallel connection in a capacitor 
bank. A necessary number of capacitors may be connected 
corresponding to consumed reactive power. Compensating ^or 
consumed power by utilizing capacitors in the manner men- 
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tioned above is referred to as nha«. 

ranged for this purpose in the vicinity of th. 1 
that consume reactive po«er. Such a shLt batte 
5 Of a Plurality of interconnected capacUorf 1^- T""' 
capacitor in turn co^^rises a PluraU ^ orca^itTl^ 
™ents^ construction of such a convLioXlpti o. 
Will be explained below. '-«pacicor 

0 A shunt battery usually con^rises a nunfcer of chains of a 

TiT" r capacitors, r,. J^l of 

chain. IS determined by the „u,rt>er of phases whlrh 
i. three. The first on. of the capacitorrr^a linT ^ 
connected to a line for transmission of electee 
. the co„^^ VJIZIIZZTZ 
trie power is arranged at a certain distance fron 
or fro. points in the surroundings vhich'Lotrrrau: TrTt 
ground potential. This distance is ^*<=trically are at 

the lina. ^. capacitors^: Tj^l ZlTs TZZ 
f^rst capacitor, which is connected to the line r^^'i:! 
wards A second capacitor, which is arranged at an end^ 

oTrfi-r:: z:^Tz:^-r'r 

to a point in the electric sy^ Tha:!?"! ^l"^ 

:::acT:::™hT:ztrr- : - 

the per^ssible voltage^airrirth^'aTe^tC""' 

-.Vol — 

in series and arranged in stands or ""utfIL" T"'"^ 
insulated fro™ ground potential. Such a c:p.:iT:rt^"! 
coinprises a pluralitv of rii ^ ^ ^apacxtor bank thus 

vely nateriaLde:::!" tLrVriT" 

ture is retired for tl stand/^he pL ^o^^ 

ternal influence in the fors, of "^f ^f:™ '! """""^^ «" 

e«ensive wor. is re^irad for ^^s.^:^ 
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such a Une for generati., the r«raired reactive poTer T 
5 plurality Of capacitors are comected in series f^T 

sation of the inductive voltage drop At . 

^ • ^^^aye arop. At a capacitor bank 

for ser.es coopensation, the series connection of cap^T 
tors, contrary to a shunt battery usuallv * 
of the volta,. Of the line. Fur^;r th^ . 
.0 connected capacitors. includeTiTltpat::: t^^' 

cnac IS to be compensated. 

A conventional capacitor hanV • 
ie i«»^icor DanJc comprises a plurality af 

15 capacitors. Such a capacitor co^rises in turn a pL^aiity 
Of capacitor elements in the for« of capacitor ro!ls ^e 
capacitor rolls are flattened and staOced on top L ea^ 
other, forming a stack of, for exaimle 1 » . 

hun^r o. dielectric films „ith 117.::^: 

'.0 win be arranged in parallel in the vertical direction lf 
the stack. Wien a voltage applied across the stacrLcrea 
sea, the stack will be co:,^ressed so»»„hat in the vertical 

h., . H J^^'^^'^^^^y th« same reason. The fomed stack 
has a defxnxte mechanical resonant frequency, or natural 
frequency, which is relatively low The mSZL' " ''''^^ 
fre^ency of the stack is a^^l.^ed Z s^X^ZZll 
of the current, which may result in =i- . 

' ere^-cy is th. »i„. Jeguen":, ^hL" :if :::rCtt" 

fundamental tone of the current and is usually so „^ Ci 

alsTr ^^eguency'Jy,"L:::r 
also be achieved by han«,nics of th. current. 

^les of a power capacitor of this known kind are de- 
scribed in VS 5,475,272. This document thus describes a 
high-voltage capacitor built up of a pluralitv oJ o 
elements stacked on top of each othertl'l^red^in^a'rr 
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non container. The container Is conventionally ^de of ^. 
tal. Its electric bushings are made o£ porcelain or 1, 
«er^ ^e doc^ent describes di„erent .IsJ^lZ lZt 

One disadvantage of a capacitor of a known tvn. f 

withstand voltage stresses consi erLrM^LTt""^" 
rated voltage o£ the capacitor it is I ! 
capacitor vol™, as e.^Hlen a. ^ss tlTl:: 
elements. Their external fi„.Z ""h capacitor 

is concerned. against the container 

In capacitors of a known type, for examoi^ 

5 475 27P t-y,^ • example according to US 

3,4/5,272, the capacitor elements are . 

The on =1 "smencs are xinpregnated with oil 

ine oxi IS also arranged to surround 

and to fill ^>, ^ surround the capacitor elements 

ana to fill up the space between . these and the wall of 
container. The oil is satisfactory from the poilt 
insulation, but also entalio ^ ^ ^ °^ °f 

.o the container 0^"^^ :ir:::ii':~'"- 

leading out, which dama.e the MtroH/r °" 
«a. m addition, conta^nate the IZlZit 

strongest v*en the vibrations that are T ^= 

electric voltage stress coincldT^irthe l"hl 

nant frequency of the capacitor Thr,f '"^"'^'"^ «so- 

proportlonal to the sc,ua« ro"t oj ^ ''"^""^ 

w»re root of the quotient between the 
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Stiffness of the capacitor package perpendicular to the 
electrode layers and inversely proportional to the extent of 
the package perpendicular to the electrode layers. 

5 The object of the present invention is to achieve a power 
capacitor which eliminates the disadvantages described above 
and whxch, fro. the point of view of electrical safety, n«y 
be used in the open. ^ 

10 SUMMARY OP THE INVENTION 

According to the first aspect of the invention, the above 
Object has been achieved in that a power capacitor for high 
voltage of the kind described in the prea^le to clai. i 

15 comprises the special features that the container is sub- 
stantially cylindrical and comprises, on its envelope sur- 
face, a plurality Of creepage distance-extending protrusions 
Of substantially a second polymer „«terial and that the ooZ 
tamer is of a material which substantially comprises a 

.0 first polymer material. The protrusions are shaped with 
regard to their thickness and radial length so that they 
also cool the capacitor. 

Since the container is of a material that comprises a first 
5 polymer material, the need of insulation between the capaci- 
tor elements and the container is recJaced. Ti^is also elLi- 
nates the risk of breakdown between the capacitor elements 
and the container. Further, the electrical connections of 
the capacitor may be made very simple and the necessary 
creepage distance between these may partly be obtained by 
the container itself, with the reduction of the need of 
insulation and because the electric bushings may be simpli- 
fied, the capacitor will be relatively compact, thus offer- 
ing a possibility of designing compact capacitor banks' 

The Choice of materials for the container causes the con- 
tainer to become resilient to a certain extent; it exhibits 
little sensitivity to cracking and combines good insulation 
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hl^"" ^"'^^ properties such as strength, 

handling ability, and cost. 

Because of the cylindricl shape ot th. container, the ad- 

ZTr"" """'^ " «>, capa- 

citor elements such that a co^act capacitor is obtained 

*:r;hr • ^» a^'^ta.tus 

fro„ the poxnt of view of .nanufacturina technique and which 
13 electrically favourable 

0 

uLlT", P"trusions of non-conduc- 

i™ :r ' ^ • ^^"-^e aiso 

deslrof r - -"able 

desxgn of the protrusions, also sufficient cooling of the 

5 capacitor will be achieved. Co^on designations of the pro- 
trusions are also sheds and flanges, respectively. The Z- 
ignation sheds is usually used ^ the pri„«ry purpose of 
the protrusions is to extend the creepage dlstZce Le 
^-^9nation flanges is usually used when the pris^ry pu^se 

™ers "'r™'""' " creepage distance 

extenders and as cooling flanges. 

According to one embodis«nt of the invention, the capacitor 
IT " insulating Jiu^ 

Which xs in a state different from a liquid state wlthZ the 
working te„perature interval of the capacitor. 

^ replacing the oil which is normally used as Insulating 
medium .n this way, the risk of the occurrence ot oil leL 
age in the event of damage to the container is elimina ^ 
since no free floating oil is present. "mated 

d!^!""!^.'" ""-^^ °^ 'he i„ediately prece- 

ding «,bodim«,t, th. insulating n^lum, the container 21 
the protrusion, of the container are all for the „ost pa" 
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According to another design of the above-mentioned embodi- 
ment, the insulating medium, the container and the protru- 
sxons of the container are for the most part of rubber, pre- 
ferably silicone rubber. 

Silicone rubber is a material which is well suited for all 
the tasks that the above-mentioned conponents are to fulfil 
and^opens up possibilities of an advantageous manufacturing 

in the embodiments described above, an alternative is that 
the mentioned components are of the same kind as polymer 
material, based on, for example, epoxy, polyester, poly- 
urethane, or silicon rubber. For example, these cox^onents 
are mde xn one single piece. Such a capacitor is very fav- 
ourable from the point of view of n^ufacturing technTgue 
and results an a robust and durable capacitor. 

^cording to one embodiment of the invention, the container 
and the protrusxons of the container are of different poly- 
mer materials. T^e advantage of this design is that ea^ 
materxal may be optimized for the function of each respec- 
tive co^onent. By using for the container a polymer mate- 
It™ protrusions, the required 
strength properties may be imparted to the container 
whereas in this respect, lower requirements are made on the 
material xn the protrusions. One example of an appropriate 
materxal for the container is polyethylene and tZ Z lrl- 
trusxons silicone rubber or EPDM (ethylene-propylene rubb- 
30 er). ^.s combination of materials thus constitutes another 
exairple of an embodiment of the invented power capacitor. 

miib -vention, the container 

xs of f xbre-rexnforced thermoset and the protrusions of 
J5 sxlxcone rubber or EPDM (ethylene-propylene rubber) . 

According to one embodiment of the invention, the insulating 
medxum xs silicon in gel state. An insulating medium of thi! 
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kind may be applied i„ . simple ma^er in il,r,id state and 
be brought to gel so that said leakage safety is achieved. 

According to one embodi„«nt of the invention, the Insulating 
medxum xs a thermoset, based on, tor e«mple. .poxy, poly- 

ure thane, or polyester. 

According to one embodiment of the invention, essentially 
the whole envelope surface of the power capacitor is covered 
wxth small protrusions with a thickness in the interval of 

teLl - - -^ial length in the in- 

terval of 5-50 mm, preferably 10-25 mm. By arranging a plu- 
raUty of small protrusions, an increased surface for air 
cooling is achieved on the outside of the capacitor as well 
as a delay of solar heating, which ensures that the capaci- 
tor will not be overheated. 
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According to another embodiment of the invention, a plura- 
lity of smaller protrusions are arranged between at least 
two larger protrusions. The smaller protrusions according to 
this embodiment have a thickness in the interval of 0 2-10 
mm and a radial length in the interval of 5-30 mm. The lar- 
ger protrusions, according to this embodiment, have a thick 
ness in the interval of 2-10 mm and a radial length of the 
protrusions in the interval of 20-60 mm. A pattern of a plu- 
rality of smaller protrusions and at lest one larger protru- 
sion IS repeated along essentially the whole length of the 
capacitor. The smaller protrusions are substantially formed 
for maximum cooling but also extend the creepage distance 
along the container, whereas the larger protrusions are sub- 

For "° performance. 

For exan^ie, between 10 and 30, preferably between 10 and 
20, smaller protrusions are arranged close to at least one 
larger protrusion. 

According to one embodiment of the invention, at least two 
Of the protrusions are arranged with an axial pitch (a2) in 
the interval of 5-25 mm. i / in 
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According to one einbodintent of the invention, the capacitor 
comprises a tubular element running in the direction of the 
cyUnder and extending through all the capacitor elements in 
the contaxner. With the aid of such a tubular element, the 
mechanxcal strength and stability of the capacitor is ensu- 
red. According to a preferred embodiment, the tubular ele- 
ment is reinforced; alternatively, a separate tube is ar- 
ranged adjacent to the tubular element as additional rein- 
forcement. 

According to yet another e„4,odiment of the invention, the 
container is rein£orc«i to ensure the mechanical strength 
and stability of the capacitor. 

i ^-"-^-9 to a .«,ond aspect, the object of the invention 
has been achieved in that a method of the Icind described in 
the preamble to ciain 25 coTprises the special features ttat 
a substantially cylindrical container is made of a material 
wh.ch substantially conprises a first polymer material^d 
xs provxded on its envelope surface with creepage distance- 
extendxng protrusions of a second polymer material and^^ 
capacitor elem«,t3 are encapsulated in the container. The 
protrusions are forn»d with regard to their thickness and 
radial length so that they also cool the capacitor. 

By using said material for the container of the capacitor 
during manufacture and applying protrusions in the .^nner 
described, a power capacitor of the kind described in claim 
1 may be achieved, which exhibits the advantages de scr^r 
above with reference to the description of the invented 
capacitor. 

According to one embodiment of the invented method, the 
manufacture of the container, the application of the pro- 
trusions, and the encapsulation of the capacitor elemLts in 
-. insulating medium take place by injection moulding The 
injection moulding entails a rational manufacturing process 
in wnich a capacitor of the kind described above a!d posses. 
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simple and cost-effective naimer. 

According to one e»d>odin,ent of the Invented nethod when 
applying injection moulding, this is performed in one sincle 
«ep and with one single ™terial. ^i, „«an, that the 

ZZ 'l"'' T ' "«nufacturing process is utilised 

m an optimal way, 

'° " ^^'--"ive embodiment of the invented 
».thod when applying injection moulding, this U performed 
xn two steps, m the first step, the capacitor elLents™ , 
enclosed in the Insulating ^um. i„ the second ste^ the 
manufacture of the container, as well as the applicat on If 
the protrusions, occurs, m the first st.„ ^^""'xo" of 
^ial is used Which has lower visc'^^:^ IT"''' 
used in the second step. In this e„4,odiment, the materials 
for he different co„^„ents are adapted to the r«p«trv: 
functions these are to fulfil. «peccave 

^t^od'^^r '"^'^ °' °" ambodiment of the invented 
method, the capacitor elements are initially applied to a 
t^ « el^ent that extends through all the c::aci1or ele- 

in still another embodiment of the invented method, a cylin- 
drical polymer tube 1, provided for forming the contain! 
the protrusions are applied to the polymer tube, and Z 

Itirll forT/"° ^-^-^ • 

material for the container may be optimized for it, ourpose 

and the material in the prot^sions need not be limi'trio 
the corresponding material. imitea to 

According to one embodiment of the invention, the tubular 
element is reinforced; alternatively, a separate tube is 
applied Close to the tubular element as reinforc«^t 
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According to yet another e«bodl^t. the container is re- 
inf orced . 

5 ITr'T.'T to any 

a«u„d the polyner tube, or by providing then, as prefabrica- 

Bach of these methods has advantages from various aspects 

10 ™' condition. ™.y bHeci- 

lu sive for what is most appropriate. 

According to one e.*odiment of the invention, the polymer 
tube „ coated with RTV (Room Ten^erature Vulcani.Li^ 
sxlxcon. or LSR (I,i<„.id silicone Rubber, before applying the 
protrusxons. This facilitate, the adhesion betveel the pro 
trusion. ana the poly^r tub, and ».e. it possible to ZL 

! ^ ° " P~'«"i<™ for the pol«.er 
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In an additional embodiment of the invention, the protru- 
sion^r. applied to the poly^r tube by injection moulding 
"1 ™ « '"^ surface-treated prior to the injec! 

t^ r ft""- *■ ^»t,Xy preceding e„*odi Jt 

this facilitates the adhesion wh«. the protrusions are Tt' 
number, ^e surface tre.t»«nt coo^ris... for exa^^ie „IL 
ing he surface with a .olv«,t. then ^.rface- tree ting 7 
ana then coating it with a pri^r. all of th... measures 
creating good conditions for the adhesion. 

According to a further embodiment of the invention, a .mecha- 
nical support for the polymer tube is applied prio; to'T 
.section moulding, in this way, the ris. of the poW 

""-^ ^"^"^ "^ulding^can": 
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The invention also relates to use of a power capacitor ac- 
cording to any of claims 1-24 at voltages exceeding 1 kV 

preferably at least 5 kV. in addiHor, ^v. • 

, ^ j^v. xn aaaition, the invention also 

relates to use of a power capacitor according to any of 
claims 1-24 in a system for transmission of alternating 
current (ac) . ^ 

The invention „iu be explained In greater detail by the 
subse^ent description o£ embodi,«nt thereof with reference 

to the accompanying drawings, 

BRIEF DESCRIPTION OP THE DRAWINGS 



Figure 1 
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Figure 
Figure 
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Figure 
Figure 
25 Figure 
Figure 
Figure 
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Figure 7 



Figure 8 



35 



is a schematic perspective view of a capacitor of 
the kxnd to which the present invention is suit^ 
able to apply, 

shows a detail of Figure 1, 

3 is a graph illustrating the development of heat 
xn a capacitor element in a capacitor according 
to Figure 1, 

4 is an enlarged radial partial section through the 
detail of Figure 2, 

4a is a section corresponding to Figure 4, but illu- 
strating an alternative embodiment, 

4b is a section corresponding to Figure 4, but 
illustrating a further alternative embodiment, 

5 as a longitudinal section through a capacitor 
element according to an altex..ative embodiment, 

6 shows two interconnected capacitor elements ac- 
cording to Figure 5, 

is a longitudinal section through a capacitor 
according to the invention and illustrates an 
embodiment of its design, 

is a longitudinal section through a capacitor 
according to the invention and illustrates an 
alternative embodiment of its design. 
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Figure 9 is a longitudinal section through a capacitor 
according to the invention and illustrates 
another embodiment of its design 

Figure 10 is a longitudinal section through . capacitor ana 
» Illustrates a further embodiment of its d.=,v™ 

Figure 11 is a longitudinal section through a ^^curac- 
cording to yet another eirbodiment. 

^ DESCRIPTION OF PREFERRm, EMBODIMENT OF THE INVENTION 

liTto't^e""' ^•-^^-^ental design of a capacitor accor- 
^Ivettlte'TrtT' " " ^ 

^en^s /X'/z cttr i~ras"rcr 

m^ts 2a-2d are connected in series. At each end of the ca- 
pacitor, a connection terminal 3, 4 is arr^ooH » J 
^nal consists of a con*.ctiv. f;il ZIZT.^^Z T 
the material of the container and extends there^^^^ 

a" rt:e~ r::^ - — 

Figure 2 shows an individual capacitor element This con 

ZT Zr^'-'^'^ ^i^- tig.tl. .olleT n a 

hole's^Lt"''"^" ' ^ ™^ through- 

hole 6 that may be used for cooling of the element TvolLi 

d.mens.ons of such a capacitor element is a d^^terT^ _ 
400 ^ preferably 150-250 nun, a bore diameter of 10-250 
n«n, preferably at least 50 mm and a height of- 50-800 2 
preferably 125-200. such a capacitor elLent is intlrd 
for a voltage of about I-IOO kV A car.e.aiZl 1 ^''''^^^^ 
-ameter of, for exa^ie, lao n., L^T:: Tj 

7 " "^-^^^ ^ voltage .rablr 

as in P- " '"""^ ^'^'^^^ connected i„ series 

as m Figure 1, a voltage of up to 80 IcV < o • 
eioht ifin vt, • obtained. With 

eight, ±60 kV is obtained, etc 



IJ 



10 



15 



20 



25 



30 



35 



WO 2W»5/0599J1 „ 

PCT/SE2WM/00I92J 

Heat losses arise in the capacitor element 2. resulting in 
internal heating of the element. The maxiimam tenperature is 
critical for the dimensioning of the capacitor element. 
Figure 3 shows the temperature T in relation to the radius 
R, where C is the centre of the capacitor element. In a 
cylindrical volume with a homogeneous heat generation, and 
without any opening in the centre, the temperature profile 
in a radial direction will have an appearance according to 
the dashed-lined curve in Figure 3. if the capacitor ele- 
ment is formed with an opening in the centre 6 with the 
radius Ri, the temperature profile will be according to the 
unbroken curve in Figure 3. Further, cooling is made poss- 
ible, where necessary. The temperature profile obtained 
will then be according to the dotted curve in Figure 3 . 
Suitable choices of Ri. the outer radius Ry, and the elec- 
tric power, and thus the losses, contribute to controlling 
the maximum temperature in the capacitor element. The cen- 
tre opening 6 in each capacitor element 2 may also be uti- 
lized for centering of the capacitor elements. To this end 
the capacitor elements are threaded onto a centering tube ' 
that extends through all the capacitor elements. 

Figure 4 shows an enlarged radial partial section through a 
capacitor element in Figure 2. The partial section shows 
two adjacently located turns of the metal-coated film. The 
films 8a and 8b, respectively, have a thickness of 10 (ttn 
and the material is polypropylene. The metal layer 9a 9b 
have a thickness of about 10 nm and consist of aluminium or 
zinc or a mixture thereof, which prior to rolling has been 
applied to the polypropylene film by vapour deposition. The 
technique of manufacturing a capacitor element in this way 
xs already known per se, and therefore a more detailed de- 
scription is superfluous. Alternatively, the capacitor ele- 
ments may be corrposed using film-foil technique, wherein 
propylene film and aluminium foil are rolled together How- 
ever, using metallized film has the advantage of being 
self-healing and permits higher electrical stress and 
higher energy density than using the film-foil technique 
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The metal layer covers the plastic Ulm £ron> one of its 
sxde edges up to a short distance fr«n its other side edge 
A border region 16. ot the tiX. 8a is thus without ^etal 
5 a border region 16b of the fii„ 

the 1* Of 

to tha of the fll„ sa. An electrical connection forThe 
layer 9. xs obtained in the figure as viewed at the u^er 
end Of ,he ele:»nt and at the lover end for the la^erT 
0 so that in one direction there will be a positive I"ctLe 
and .n the other direction there will be a negative etc 
trode. Por efficient electrical contact, theld portl's 
nay be metal -sprayed, for example with zinc. 

5 in the modified embodiment according to Figure 4,, the ca- 
pacitor element is made with a so-called inner se;ies co„- 

8a. 8b divided into two portions Sa' . 9..., and 9b- 9t>- 
respectively, separated by a non-coated part 17a an^ 17b ' 

eTr:tT:o''- " ^-^-^ ^ --Vt 

ers into more portions than two. Each pair of metal-layer 
portions, for example Sa' and 9b.. forms a sub-capacitor 
element, which are series-connected. 

Figure 4b shows a variant of the modified embodiment ac- 

tic layer 3a only is divided into two portions 9a-, 9a-- 
separated by a non-coated part I7a whereas the metll layer 
Sb on the other plastic film 8b is undivided. Each of tC 

t^e fi"^ T '"'-'^ - theld^e Of 

the film Sa so that the electrical connection in this case 
taJces Place to one and the same film 8a. The metal l^ye" ,\ 
on the other plastic film terminates on both sides a lis 
.ance 16a. 16b away from the edge of the film and is 
not electrically connected in any direction. 

Figure 5 shows in a longitudinal section an altemati 
embodiment of a capacitor element 2- according to^h" 
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ventlcm Th. capaoieor element is divided into three sub- 

axis designated A. The outenwst subelement 201 is almost 
euhular „xth an inner side 204 «hich. with a small dis! 
tance, surrounds the central subelement 202. In a similar 
wa. the c«,tral suhelement has an inner side 20 2Tcl 
Closely surrounds the innermost subelement 203. The im-er- 
mcst suhelement 20, has a central through-channer^os ^he 
three subelements have different radial thicXnesses. hr 
outermost element having the so^Uest thlctaess. In t^is 
-y. they have substantially the same capacitance. Beteen 
the subelements, insulation 207 is arranged. 

30xn.ng subelements have one of their respective connection 
point, .t th. same end. Thus, the outermost subelem"r 
.3 connected, by means of connection ^ 210. TIL 
centra subeles»nt 202 at one ,f the capacitor eltent 
- , and the central subelement 202 is connected, by means 

at Z'"'"" T^' " subeleJnt^" 

at the other end of the capacitor element 2'. In this way 
the ccnnectaons 212. 213 for the capacitor element 2' Til 
he located at a respective end thereof. 
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I£ the number of subelements is greater than three tor 
example five or seven, the procedure of altematei; con- 
necting together the connection points at the ends of the 
subelements will continue in the same way. 

of the kind shown m Figure S are connected in series The 
fi^re Shows two such capacitor elements 2.a, 2.b "e Zl 

Z oTr °' ""^^ '^-"-^ " 'hTu^pt 

tTl of^h "^'""'"^ " " ~- 

tion of the upper capacitor element 2'^ to the lower end of 

insulation 214 is arranged to withstand the potential dif 
ferences that arise with this kind of capaciL el^Ient 
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Figure 7 Is a section through a power capacitor according to 
one embodiment o£ the invention. The capacitor i, built 1 

l\"Tr elements 2,, 2b. 2. of 

the kind described in more detail with reference to Figures 
1-6. The capacitor elements 2a. 2b. 2c are coaxially thread- 
ed onto a cylindrical tube 20 of an insulating material with 
sufficient strength properties to support the weight of ^e 
power capacitor with no risk of vibration,. The cylindrical 
tube 20 may be «>echanicaUy reinforced, for example bT-! 
souring, alternatively, the cylindrical tube 20 is suppll- 
m«ted by . separate tube (not shown,. The cylindrical tube 
m-y be solid or hollow. The capacitor elements 2a, 2b, 2c 
are enclosed in a cylindrical container 22. The c;nta n « 
contains an insulating medium 21 that surrounds the capaci- 

a nui^eT^r °" °' 

a number of creepage distance-extending protrusions 23 are 

erranged in the form of circular sheds. 

The insulating medium 21, the container 22 and the protru- 
sio^ 23 are of one and the same notarial and fo«s oTe 
single piece. The material is a polymer material, bas«J on 
or «cample. epo;^. polyurethane, polyester or rubber prt 
ferably silicone rubber. "ooer, pre- 

2'^'a^T""' °' insulating medium 

ina B.f " ^= ^ injection ^^uld- 

ing. Before the injection elding, the capacitor elements 
2a, 2b, 2c are arranged on the central tube 20 in predeter- 
mined spaced relationship to one another. Then, the 
tion^ moulding occurs in one single stroke where bothth. 
insulating medium 21 and the container 22 and its protl- 

d r he"' inJectLtul- 
d.ng, the capacitor may be provided with end closures (not 
Shown, through which the electrical connection is ZJ, 

Figure e is a section corresponding to Figure 7 through an 
alternative embodiment. One difference between the e^di 
ments according to Figure 7 and Figure 8 is that in the 
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embodiment according to Figure 8, the insulating medium 21a 
xs of , „«terial different from that of the container 22a 
and .ts protrusions 23. m this embodiment, the insulating 

ru Tn h " ™' ^'^^ "-se- 

rial in the insulating medium 21a has lower viscosity than 

that in the container 22a and the protrusions 23a. 

Mso in the embodiment according to Figure 8, the container 
22.. the insulating medium 21a and the protrusions 23 are 
made by injection moulding. However, in this case the in 
section moulding is made in two steps. In the first step 
the insulating medium 21a is injection-moulded in bet„e« 
the capacitor elements 2a, 2b, 2c, after the capacitor ele- 
ments having first been mounted on the tube 20. m Z III 
15 cond step, the container 22a and the protrusions 23a are 

injectxon-moulded on the unit obtained after the first step. 

curing the manufacture according to the methods described 
with reference to Figures 7 and 8, it may be advantageous to 
take measures that protect the capacitor elements 2a 2b 2c 
and other components (not shown, in the capacitor, such ^s 
resistances and connections, from being damaged by the pres- 
sure applied during the injection moulding. 

The capacitor elements 2a. 2b. 2c may advantageously also be 
provided With protection that prevents oxygen and witer" p! 
our from penetrating between them. This is because certaiT 
polymer materials have relatively great permeability to 
gases. The capacitor elements 2a, 2b, 2c may also be pre- 
treated to achieve good adhesion of polymer material, such 
as silicone rubber, thereto. 

Figure 9 is a section through a power capacitor according to 
still another embodiment. The container 22b consists of I 
cylindrical polymer tube, suitably of polyethylene. On the 
container a number of protrusions 23b are arranged. These 
are suitably of silicone rubber or Ep™. According to this 
sediment, the container 22b of polyethylene is extruded 
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and the protrusions 23b are applied to the polyethylene tube 
by injection moulding directly on the tube. To fulfil the 
necessary strength requirements, the container 22b may be 
reinforced, for example by armouring. 

According to another alternative embodiment of the immedia- 
tely preceding embodiment, the container 22b is of fibre- 
reinforced thermoset and the protrusions 23b of silicone 
rubber or EPDM. 

According to yet another alternative embodiment, the protru- 
sions 23b are applied to the polymer tube by being wound on 
the tube xn a spiral or, like prefabricated sleeve-like ele- 
ments, being dra^ onto the tube. The capacitor elements 2a, 
2b, 2c are placed on the tube 20 in the container 22b and 
the container is filled with an insulating medium 21b, suit- 
ably silicone. 
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Figure 10 is a longitudinal section through a power capaci- 
tor according to yet another embodiment. A protrusions 23c 
according to Figure 10 has a thickness t2 in the interval of 
0.2-10 mm, preferably 1-4 mm, a radial length L2 in the in- 
terval of 5-50 mm, preferably 10-25 mm, and an axial pitch 
a2 which is 5-25 mm. The protrusions are suitably of sili- 
cone rubber or EPDM and are arranged on a polymer tube, sui- 
tably Of polyethylene. The protrusions function as creepage 
distance-extenders and, where necessary, also as cooling 
flanges for the capacitor. 

Figure 11 is a section through a power capacitor according • 
to an additional embodiment. The container 22c consists of a 
cylindrical polymer tube, for exanple of polyethylene. On 
the container, a number of protrusions 23d, 23e are ar 
ranged. These are. for example, of silicone rubber or EPDM 
A pattern of at least one larger protrusion 23e and a plura- 
lity of smaller protrusions 23d is repeated along the whole 
length of the capacitor. Typical dimensions for a smaller 
protrusion 23d according to Figure 11 is a thickness t2 in 
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tlTlTl'l'''" ' " '''^ 

diZ.- . " n™. Typical 

axme„„o„s for a larger protrusion 23e according ^^i^, 
11 IS a thickness t3 in the interval ot 2-10 n™\„^ 
5 length 1,3 in the interval of 20-60 J 1,12 ' 

havf. ^ ™® protrusions may 

perfo^Zo , . " «>e manufacture ax.d the 

perfonnance of the power capacitor. 

0 in a power capacitor according to any of Figures 7-11 th. 
cyUnarical tuhe 20 is usually ^chanically'Ii" ^ fr 
^ . by ar«uring,. alternatively, a separate tube ,;ot 

^ '^.it^inr-. o?hotr-^ - — 

In the manufacture of a oower nar^Mr.i^^ 

7-U. the ^ufaotur. of^Vr^itsT^t^" 

ly perform by infection „„ulding. ^orX"::'::,^''- 

mouldmg, the capacitor elements 2a 2h 

1 ranged on the central tube 20^ a ^r^. ""'""^ 
relationship to one another ^-^-^"--ned spaced 

^a«.ed such Lt z i^.^::^:::tz:z^-- 

is^^de in r^i whereuplrt^^^^r 
ted to the szze of the capacitor are cut therefrom. 

-.ore tr^oti'^r :::':pued"^^ ^ ^--^^ 

a oix or ICS length with orotrusions rn 
cases^ it ^y be sufficient with a few protrusTne o" Z 
sxngle protrusion to attain the necessary creepage dis:ie. 
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With a suitable design, the protrusions may also have the 
task of improving the cooling of the capacitor and of func- 
tioning as solar protection to reduce the heating of the 
capacitor in those cases where it is placed so that it is 
exposed to solar radiation. The colour of the protrusions 
should suitably be a light one, for example white or grey, 
to reduce the solar heating of the capacitor. 

During manufacture according to the embodiments illustrated 
in Figures 8-11, it is important to achieve good adhesion 
between the material in the container 22b. for example poly- 
ethylene, and the material in the protrusions 23b, for exam- 
ple silicone rubber. To achieve this, the container 22b is 
allowed, before the application, to undergo a surface modi- 
fication which may be achieved in a plurality of different 
ways. One common and known way is to clean the surface with 
a solvent and then allow the surface to dry. Thereafter, the 
surface is surface- treated to chemically change the surface 
properties such that adhesion regions for a subsequent app- 
lication of a primer are created. The surface treatment may 
occur by using oxidizing low corona discharges or microwave 
plasma . 
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in a final step, a primer is then applied, when the surface 
has been allowed to dry. the protrusions 23b are injection- 
moulded on the surface 

During manufacture according to the embodiments illustrated 
in Figures 7-11. a diffusion barrier (not shown) of a mate- 
rial suitable for the purpose, for example polyamide. may be 
applied to at least the inside of the container 22. 22a-d 
The diffusion barrier is applied, for example, by extrusion 
together with the container 22. 22a-d. Where necessary a 
diffusion barrier (not shown) is also applied to the tube 
20. 

The invention is not limited to the embodiments shown; a 
person skilled in the art may, of course, modify it in a 
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plurality of different ways within the scope of the inven- 
tion as defined by the claims. Thus, the invention is not 
limited to the shown arrangement of large and small protru- 
sions but may be varied such that, for example, five small 
protrusions are surrounded by at least two larger protru- 
sions on each side of the small protrusions. 

Further, the invention is not limited to the described embo- 
diments of the container in combination with the described 
embodiment of the protrusions, but all the embodiments of 
the container may be combined with any of the described em- 
bodiments of the protrusions. 

Nor is the invention limited to injection moulding; the con- 
tainer, the protrusions, and the insulation may, for exam- 
ple, be made by casting. 
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